Abstract. Myositis ossificans (MO) is characterized by abnormal heterotopic ossification formation, typically involving muscles, tendons, ligaments, fascia, and aponeurosis. It can be categorized into nonhereditary and hereditary types, with the latter being a distinct entity with a separate pathophysiology and treatment approach. The pathophysiology of MO formation remains to be fully elucidated. MO is most commonly observed in muscle tissue as a solitary lesion. The disease has been reported to occur in all ages, including the very young and in atypical locations, including hands, feet, ribs, head and neck. The present case report describes an unusual pseudomalignant form of MO in the breast. The authors discuss the clinical and morphological characteristics of the tumor and its treatment options.
Introduction
Myositis ossificans (MO) is a benign condition characterized by abnormal heterotopic bone formation, typically involving striated muscle and soft tissue (1) . In 1924, Noble (2) classified MO into myositis (fibrous) ossificans progressiva, traumatic MO circumscripta, and atraumatic MO circumscripta. The latter includes the more descriptive pseudomalignant as well as idiopathic forms (2) . MO is most commonly found in muscle tissue as a solitary lesion (3) . Myositis ossificans can be categorized into nonhereditary and hereditary types, with the latter being a distinct entity with a separate pathophysiology and treatment approach (4) . The pathophysiology of MO formation is incompletely understood. Kan et al (5) demonstrated that the cellular mechanism of heterotopic bone formation is the result of local stem cell dysregulation in response to tissue injury and subsequent inflammation. Recent studies have demonstrated that extra-skeletal bone formation may be dependent on a process known as endothelial-mesenchymal transition (4, 5) . The clinical presentation of MO is variable. MO has been reported to occur in all ages, including the very young (as young as 1 year of age) and in atypical locations, including the hands, feet, ribs, head, and neck (6) . Patients may present atypically, especially when the history is not clear. This atypical clinical presentation, combined with nonspecific imaging findings, often raises concerns of malignancy (4) (5) (6) . MO often starts as a non-specific painful soft tissue mass that could be mistaken for an infection or a soft tissue tumor. Therefore, some authors have suggested using the more descriptive term 'pseudomalignant' MO (7, 8) . We report on an unusual pseudomalignant form of myositis ossificans in the breast.
Case report
A 31-year-old Caucasian woman with no significant previous medical history was referred to the Breast Unit of the 2nd Department of OB/GYN, University Hospital of Bratislava, Slovakia, for assessment of a growing lump in her right breast. The prominent lump was in the upper, inner quadrant of the breast, near the infraclavicular region, and fixed to the chest wall. Mammography was ineffective at visualizing the lesion because of its location, however, the remaining breast parenchyma was tumor free (Fig. 1A) . Breast ultrasonography revealed an oval-shaped, low-echoic tumor of unclear etiology with a pathological pattern of blood flow, as seen on PowerDoppler imaging (Fig. 1B) . Infiltrating ductal carcinoma could not be excluded. Because the tumor was fixed to the chest wall, a computed tomography scan of the chest was ordered. CT showed a tumor mass with ossification signs on the upper chest wall that appeared to be continuous with the right pectoralis major muscle ( Fig. 1C and D) . A core biopsy was performed on the palpable mass. A malignant form of a spindle cell tumor was suspected.
The patient underwent breast surgery, with anticipated en bloc resection of the underlying parts of thoracic wall, at the Department of Thoracic Surgery, University Hospital of Bratislava, Slovakia. Surgery was performed under general anesthesia and consisted of an quadrantectomy with en bloc resection of the underlying musculature (superior medial part of the right pectoralis major muscle).
The surgically removed specimen was lobulated and measured 5.5x4.5x4.0 cm in size, containing a 4.5x3.2x3.0 cm grossly circumscribed, capsulated firm tumor, which had infiltrated the surrounding fat and musculature. Histologic evaluation of the surgical specimens revealed nodular proliferation of spindle cells with characteristic centripetal zonation of ossification and giant osteoclasts-like cells. Osteoblastic activity with marginally mature lamellar bone was present, without atypical mitoses ( Fig. 2A and B) . A definitive diagnosis of a tumorous form of myositis ossificans was established from serial paraffin sectioning and immunohistochemistry (IHC). Immunostaining with anti-vimentin and anti-alpha smooth muscle actin (SMA) antibodies was positive (Fig. 2C and D) , while IHC analysis with anti-cytokeratins, anti-EMA, and anti-desmin antibodies was negative. Tests for diffuse steroid receptors (estrogen and progesterone receptor) were also negative. The index of Ki67 proliferative activity was positive in 10% of cells. The patient's post-operative course was uneventful; she was discharged to home on post-operative day seven. The patient is now 48 months post-procedure and remains disease free.
Discussion
MO is essentially metaplasia of the intramuscular connective tissue resulting in extraosseous bone formation (8, 9) . Histologically, the lesions exhibit a wide range of histologic features with different amounts of immature fibroblastic cells, osteoid, cartilage, and young or mature bone accompanied by fibrous connective tissue (4,10,11). Sumiyoshi et al (1) , in their clinicopathologic study of 21 cases, classified MO into three types according to the predominant or most striking histologic features. Type I (6 cases) was characterized by highly cellular areas with islands of osteoid, which can occasionally be confused with extra-skeletal osteogenic sarcoma. Type II lesions (8 cases) consisted mainly of osteoid and young bone rimmed by osteoblasts, with the occasional presence of cellular areas. Type III lesions (7 cases) were made up, almost wholly, of mature bone and cartilage surrounded invariably by dense fibrous connective tissue. The prognosis was excellent in the 17 patients for whom follow-up information was available (1) .
A biopsy is necessary to confirm the diagnosis of indeterminate lesions (1, 4, 12, 13) . Due to the presence of bone formation as well as a similar epidemiology, osteosarcoma needs to be excluded. An important feature is the characteristic zonation in myositis ossificans, which is in contrast to the lace-like disorderly growth of osteoid bone formations in osteosarcomas (5, 14) . Small biopsies can be difficult to interpret since zonation is usually not present (14) .
Surgical excision is generally reserved for symptomatic MO lesions (15) . However, since recurrence has been reported, excision with clear resection margins is recommended (10, 15) . Because of the infiltration of the MO tumor into the chest wall in our patient, a thoracic surgeon (M.J.) was part of our surgical team.
Tumorous forms of MO in the breast are very rare. Salomonowitz et al (16) reported the first case in a healthy 21-year-old female who developed a rapidly growing mass in her left breast, which proved to be a non-progressive form of MO that had originated in fat tissue. Clinically, the tumor measured more than 6 cm in length and showed all the signs of carcinoma. In 2004, Alonso Calderón et al (17) described a 15-year-old girl with atraumatic MO circumscripta in the axillary region. A case of MO in the pectoralis muscle, associated with an extracapsular silicone implant rupture has also been described (18) .
Brown and Carty (19) described a case of nodular fasciitis of the breast (a benign pseudosarcomatous proliferative lesion of the soft tissue) in a 65-year-old previously healthy woman who was referred to their breast clinic with a one-month history of a lump in her left breast lying against the pectoral muscle. A similar case was also recently reported by Choi et al (20) . Fasciitis ossificans of the breast, a rare subtype of nodular fasciitis, was described by Sato et al (21) and Su et al (22) . Simple excision, not radical resection, was recommended and was sufficient for a definite histological diagnosis and therapy because neither fasciitis ossificans nor nodular fasciitis generally recur and no transformations to sarcoma have been reported (20) (21) (22) .
In the differential diagnosis of heterotopic bone forms in soft tissues, fibrodysplasia ossificans progressiva (FOP) comes into consideration. The disease is an ultra-rare genetic disorder (23) . Classic FOP is caused by a recurrent activating mutation (617G>A; R206H) in the ACVR1/ALK2 gene encoding activin A receptor type I/activin-like kinase 2, which is a bone morphogenetic protein (BMP) type I receptor. Atypical FOP patients also have heterozygous ACVR1 missense mutations in conserved amino acids (24) . A diagnosis of FOP is made through clinical evaluation. Suspicion of FOP early in life, on the basis of malformed great toes, can lead to an early clinical diagnosis. During the first decade of life, sporadic episodes of painful soft tissue swellings occur and are commonly mistaken for tumors; confirmatory genetic testing is now available (23, 24) .
In conclusion, MO in the breast region is rare. Since it is so rare, the present case study stands out as a noteworthy case with unique clinical features and histological findings.
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